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Challenges to be addressed

v'Discretize the model accurately and efficiently

v'Automate the process of the CFD mesh generation, employing all best practices.
v'Generate meshes that satisfy strict quality criteria.

v'"Make the whole meshing process invisible to the CFD engineer

v'Enable and facilitate quick model update

v'Generate and handle huge meshes

www.beta-cae.com



30 years of experience

Leader in simulation solutions

> innovative, high performance software
> high quality services

A private,
independent company

No loans

No debts

No investors

www.beta-cae.com
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Be empowered to
achieve your goals
for any analysis field,
In a timely and
effortless manner.

Build common models
and share them among
your disciplines.

www.beta-cae.com
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automotive

defense

maritime
design

power tools

trucks &
busses

aero-
engineering

robotics

motorsports heavy
machinery

space

energy industrial
| equipment

electronics

rail vehicles

architecture
& construction

our business

82%
Land Mobility
& Transportation

8%

5%

5%
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ANSA pre-processor

www.beta-cae.com )




By permission of
Wirth Research Ltd

ANSA specifications

Supported platforms:
- Linux
- Windows

v'Parallel processing on
multi core hardware for
maximum speed

v 64 bit code for unlimited
memory usage

v'Double precision for
high accuracy

www.beta-cae.com )
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Surface Mesh

Volume Meshing

Geometry
preparation

1€S OVEIV1IEW
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ANSA capabil
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CFD formats:
Fluent
Star-CD/CCM+
OpenFOAM
CFD++

CFX5

SC/Tetra
CGNS

TAU

SU2

FUN3D
RavenCFD
CobaltCFD
PLOT3D
CMSoft AERO-F
UH-3D

Other formats:
PATRAN

STL

VRML

and more..

CAD formats:
CATIA v4, vb, vb
Unigraphics NX
PTC Creo Parametric
JT

SolidWorks
Inventor
Parasolid
Rhinoceros
IGES

STEP

Direct Interfaces with
other CAE codes:
TAITherm
THESEUS-FE
NASTRAN

ABAQUS

ANSYS

LS-DYNA

and more..

Input/Output:

www.beta-cae.com



Geometry Handling

‘CAD feel’, easy-to-use
functions for creation
and manipulation of
geometrical entities
(points, curves, surfaces)

www.beta-cae.com B



Description

Error FACE 1

Triple Cons
Triple Cons

Triple Cons

Triple Cons

Overlapping Faces: 152
Crack Between Faces: 63 ...
Single Cans

Eror FACE 2  Single Cans
Eror FACE 3  Single Cans
Eror FACE 4  Single Cans
[ - Eor P 5 sigecons =
e [Tofal 51 [selected 0.
Name Value [
Single Cons v
Cracks v
Overlap Faces v
Needle Faces v
Triple Cons v
Collapsed Cons ||
Unchecked Faces [
Unmeshed Macros ||

Advanced automatic
and manual clean up

tools

www.beta-cae.com



Cutting planes for
model examination and
Cross section creation

Courtesy of PSA

www.beta-cae.com )



Surface Meshing

Surface
Meshing

www.beta-cae.com )
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Surface Meshing

Tria, Quad or Mixed-type
shell mesh




Fully automatic
anisotropic mesh for
aerospace applications

Quad or tria anisotropic
mesh

www.beta-cae.com )



Effect of anisotropic mesh on layers generation
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0 64bit (OPENFOAM) Current PART - Urepped smurf

Imported STL or unclean geometry N \J/ ' SUl’faCG Wl’applng

Variable length Wrapping,
capturing local curvature
and model feature lines

0 64bit (OPENFOAM) Current PART : Vrappsd surf

Surface Wrapping e N

www.beta-cae.com )



ANGLE

SKEW

T K POST Surface_Wrapping_Checks Edit Template

(= Kdu Active | Name Status | Execute on Kdw
PRE Surface Meshing Checks v Penetration:Intersections Visible
POST_Surface_Wrapping_Checks T T
::*x:”mefmg:'"q*m‘i(;: e |¥| L Penetration:Proximities Visible
M*FFEO":*::;’::N‘; = I Mesh: Single Bounds Visible

=2 u ech
T e e Il Mesh: Triple Bounds Visible
imported STL mesh I Mesh: Trias On Coner Visible
- [ ] L+ puplicate Visible
O Mesh: Mesh Quality Visible
I [total 7 [ selected 0 |
[ [total & [ selected 0
File = ] l Add Template ] [ Copy ” Delete ] [ To Checks ] [ Execute II ‘

Template controlled mesh integrity checks (locate unmeshed
areas, free edges, proximities and penetration areas, duplicate
elements etc.)

Comprehensive mesh information and quality statistics

Surface mesh checks

Quality check according to
multiple criteria
(skewness, angle squish,
length, aspect, warp, etc.)
and solvers (Fluent, Star,
OpenFOAM etc.)

Clear identification of
poor-quality elements

www.beta-cae.com )



Properties

—— m : CFD model

. (5]
e | roPerties SESIER B0 — - WFTIAE

=0 v p @) v
Fm eg e management
id  Name ~ TYPE  NumElem | USE IN_MODEL E @\ \
[ 15 front brake_caliper wall 1309 v
B e oo wall 1396 = m volumes otation_ axes [v— Qs
W 17 front fairing_zero wall 16335 K D bl 11 1 d 1
i - e B ouple parallel moade
[] 13 front mud_guard zero wall 2483 v
[J 20 fuel_tank wall 5795 K4 LJ = e .
[] 21 headiights wall 568 | L [Nt Uit O, Configursions | set Pat | ey m an a g e m e n O O S a
[ 22 interior_front_contact_pat... internal 80 | GEICEES  [B %)
[ 23 interior front wheel MRF  internal 5716 v Tl a £ . 5
B 2 intriocrodcior downstr. el 07 ¥ T @ rope rties (corres pondaing
[ 25 interior_radiator_upstream  internal 1071 7 @k
[ 26 interior rear_contact_patc... intemal 94 |
[ 27 interior_rear_wheel MRF internal 3758 4 ieioc ] motrobike to CFD | I | O e Z One S an
W 25 radiator sides wall 3n v
Il 6o radiator_sides no layers wall 50 £ Part Manager ® s
i A
W 25 reor body wall 9452 vl = N P t b]_ h h
%ﬁm T Utilities, | DM, | Configurations, | Set Part | Identify | ar S aS S e m le rarc
ZRcE =EEE - extracted from CAD data)
Name ~ G- Moduleld | Version | Study Version 7 | 4 B
= [ bike W 0
= [ biker W 0
i By riderbody W 52 0
rider-boots W 50 0
rider-gloves W 51 0
rider-helmet s 8 0
ridervisor W 49 0
7 interior o 0
] moatrobike b [
Curves & 0
% rotation_axes W 0
valumes S 0
= [ windtunnel G 0
S By inlet ? 56 0
outer ground @ 59 0
outlet ? 58 0
road @ 60 0 m
road-near 'l 61 0 [+
0 I D
[Groups:5 Parts:57 | total 62 | selected 0

www.beta-cae.com )



Configurations
management of
multiple variants

DrivAer model courtesy of
Technical University of
Munich

www.beta-cae.com



Updated version of the model
in different file overlaid for
comparison D

o Current model o

Current model with replaced
areas automatically identified
from updated model

Advanced model
comparison tool and
local model updating

Functionality to compare
current model with
updates in other ANSA
files, identify differences
in geometry, or other
attributes, and
automatically update the
current model with the
necessary differences only

www.beta-cae.com )



Volume meshing

Volume
meshing

www.beta-cae.com )




By permission of
FORD WERKE GmbH

Volume meshing

Fully automatic volume
and sub volume detection
applicable to the most
complex problems

www.beta-cae.com )



By permission of Volkswagen AG

Volume meshing

Fast and robust volume
meshing for all types of
elements (tetra, pyramid,
prism, hexa and
polyhedron)

www.beta-cae.com )



Complete volume mesh
of a human heart

2 million trias, 23 million
prisms and tetras

www.beta-cae.com )



Hexa-Interior volume
meshing

Fully-conformal variable
size Hexa-Interior mesh
with prism and pyramid
transitions

www.beta-cae.com )



HexaPoly volume
meshing

Variable size hexa mesh
with polyhedral elements
for transitions

www.beta-cae.com )



Size Field controls

Advanced functionality
to control mesh size:

- Flexible Size Boxes
- Closed iso-surfaces
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Size Field controls

,- Advanced functionality to
control mesh size:

- Offset surfaces
- - Sweeping surfaces
- Point and Curve sources
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Solution adaption

Ability to read a size field
from external solver and
mesh based on the
specified lengths

Results courtesy of UpstreamCFD GmbH

www.beta-cae.com )



Robust layers

generation at extreme
heights and proximities
Powerful algorithm for
very large total layer
height and severe

proximities
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Layers generation options

- Generation of penta or hexa layers
- Variable growth rate per layer
- Different first height, growth rate and number

- N5
Zﬁ%zgggﬂll'lmmmq

1777
- Orthogonal near-wall layers By, N L LT
- Advanced smoothing algorithm =-==-‘!_>4‘-

- Local layer squeezing at proximities -=- E &

- Local layer collapsing at problematic areas — =

- Controlled skew and warp of top cap —— . B

"
Il

P

penta

- 1 collapsed

Q*:hﬁjﬁ node 2 collapsed
Ny _ 2 nodes
N 1’;:5 ——

L

hexa L [H__\\A; \/9 ﬁ
1 collapsed AV,

node 2 collapsed
nodes 3 collapsed
nodes
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Conversion of hybrid
meshes to polyhedral
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Converted Hexalnterior mesh Converted tetra and layers Polyhedral conversion
| options

™

www.beta-cae.com )



bbb Hextreme volume

o L 777 '
T meshing
1y 4
/A

Fully automated, highly
controllable, trim hexa and
polyhedral mesh
generation without the
need for watertight volume
definitions, running on
multi core hardware

www.beta-cae.com )



HexaBlock meshing

Numerical simulation of
flow through S-duct - 18t

. ¥ Propulsion Aerodynamics

A © | Workshop
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SRS bt

HexaBlock meshing

Hexa meshing external
flows

2R AUSG caVibetneo: Beat ke

WERRHLO K sl S sess

www.beta-cae.com



Pure Hexa Mesh .
HexaBlock meshing of

generic jet exhaust
| under wing

Combination of hexa mesh with hybrid mesh

www.beta-cae.com )



Batch Meshing tool for

Name |Items ‘Hesh Parameters |Quality Criteria |Status 0-|

= E Surface_Meshing_Scenario 33 Empty _| Draw Sessions Comp].ete CFD me Sh
M vehicle 26 CFDmesh 5-25mm  length<2mm, skew=0.6 Completed @ o
e g eneration

E windtunnel 7 CFD mesh 5-500mm fluent skewness<0.6 ‘Completed

= M Layers_Scenario 25 Empty

| Layers 25 layers fluent equiangle @.98 \COMPleted Batch Mesh prOV]_deS'

B vehicle 24 1mm absolute Teed) CaEmE .
E wintunnel 1 0.2 aspect O Automatlon
Save Scenario

= B volume scenario ] Empty O COHSIStency
L Default Session 0 exa-interior uent skewness 0.98 omplete: A i 14
7 oottt “ e rorptered * « Mesh specs traceability

0K Run stap

www.beta-cae.com )



v

Morphing
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Rear windscreen
morphing

AVAVAVAVAYE:

By permission of Volkswagen AG

www.beta-cae.com



Morphing of ship

rudder

WS ETEIAYSN Y

N (WYOINIHO

L
-
’0

www.beta-cae.com




OPENFOAM FLUENT

CFX
\ I I G

& CCM+

() FUN3D
) SC/TETRA

CobaItCFD [ ~ RavenCFD
POWERFLOW, I ‘ ¥

XFLOW, ProLLB CGNS PLOT3D

(NASTRAN, STL)

CMSoft AERO-F via scripting
NASTRAN, ABAQUS, ANSYS, TAITherm, THESEUS-FE and more...

One common
pre-processing
platform for all CFD
solvers

www.beta-cae.com



Script language

g

Script Language

www.beta-cae.com )




File

bhBa

Edit Project Debug Tools View Window Help

9 ¢ ¥ & Q &8 % TH T

Function list

Qutput window

NAME :
Smooth - Smooth the mesh after a manual node pasting or element splitting or joining.

SYNOPSIS:
ansa.mesh. Smooth ()

DESCRIPTION:

This function is wseful in order to smooth the mesh after a manual node pasting or element splitting or joining.

The function works only on visible macros.

RETURN:
It returns @ in all cases.

Project window ® | isolateNormalvectorpy 3¢
Files a7 (<]
— 98 w def_isolateVector(mode, value, set_name_mode): ]
99 counter =0
100 deck = constants,.NASTRAN
101 collected_shells = []
102 shells = base CollectEntities(deck, None, "SHELL", filter_visible = True)
103 set_name = "lsolatedElements in "4str{set name_mode)
104
105 - for shell in shells:
106 vals = base.GetEntityCardValues(deck, shell, ("EID", ))
107 id = vals[ EID
108 wvector = base.GetNormalVectorOfShell{shell)
109 - If wector:
110w ifvectorimode] > value}:
111 collected_shells.append(shell} =
112
113 - if len{collected shells):
114 set_vals = {'Name':set_name} =
115 new_set = base.CreateEntity(deck, "SET", set_vals)
116 ~
@ [ Help \/ Output \
Smooth, BETA PYTHON development Manual [

/" Library \/"Dynamic help %/ Search

[

mesh RefineElements.
mesh.RefineTrias
mesh.ReleaseElements

mesh ReleaseMacros

mesh.Remesh

mesh.RemeshMacro

mesh.Reshape

mesh RobustVisible
mesh.RobustVisibleWithReconstructOption
mesh.5aveMeshParams

mesh SaveQualityCriteria
mesh.SealGaps

mesh.SealHoles
mesh.SetCompareWoerkingDirectory
mesh SetGridsThickness
mesh.SetMapFastNodesCalculation
mesh.SetMeshParamDentPerfermReshape
mesh.SetMeshParamTargetLength
mesh.5etReconstructAtiachedSolidsValue
mesh.SetsmoothAttachedSolidsValue
mesh.SetVolumesMapParameters
mesh SetVolumesOffsetParameters
mesh.SetVolumesRotateParameters
mesh.SetVolumesTranslateParameters
mesh.SimplifyMacros

Smooth

mesh.SmoothTetra

mesh.SplitEdges

mesh SplitElements

mesh.SplitNedes

mesh.SplitPolys

mesh.SplitToTetras
mesh.SuppressFeaturelines
mesh.TestChazl

[*]

[l [

[4]

PYTHON scripting
support

Creation of user defined
functions through
scripting for automation
and customization of
specific tasks, extending
further the software'’s
functionality

Build-in script editor for
script creation, debugging
and execution

PYTHON programming
language support

www.beta-cae.com )



Demo Cases
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Geometry import and check of the HLPW-4 CRM model in STEP format

| & Templates ANSA Checks [Autogenerated Template]

Active Name Statu: Execute o Errors Warnings
v @ |Visible 3 |

| total 1 | selected 1

execute | PPIPIVITITFITIFITIFITIFIFTIFI 100%

Name ‘TI; =
Triple Cons # examples of setting options

[»]

Needle Faces

Overlap Faces
i Cracks

Single Cons

(E1m

www.beta-cae.com



Creation of hemi-spherical flow domain

D:551600.000000

www.beta-cae.com



Boundary condition assignment

)| [id

BHAE (2

Name

WONOUVAWNK

v [ 19
7l 20

chine

engine_nacelle
engine_pylon

farfield

flap_inner
flap_inner_track_fairing
flap_outer
flap_outer_track_fairings
fuselage

slat_inner
slat_inner_concave
slat_outer
slat_outer_concave
slat_supports_inner
slat_supports_outer
symmetry
wing_flap_retract_space
wing_lower

wing_upper

wing_wuss

SymmetryPlane

Wall
wall
Wall
Farfield
Wall
wall
Wall
Wall
Wwall
wall
Wall
Wall
Wall
wall
Wall

Wall
wall
Wall
Wwall

WEll

PROPERTY

www.beta-cae.com



Detection and management of geometrical features

Special features like Leading and Trailing edges as well as sharp features are automatically detected based
on user specified criteria. Features can also be edited manually if needed.
Special meshing rules (max. length, anisotropic mesh etc can be applied on them)

Special Perimeters !’
Sharp “\
Leading

Trailing




Setup of Batch Mesh tool

Batch Mesh tool in ANSA performs fully automatic surface and volume meshing based on predefined templates
(scenarios and sessions). Each session contains different areas of the model and corresponding mesh settings.

Batch Mesh tool ensures:

- Automation (batch operation even in no GUI mode)

- Reusability of scenario templates for new geometries

- No user interaction and hence consistency in meshing

- Facilitates mesh refinement studies as all parameters can
easily be scaled up or down

- Mesh specs traceability as template is saved in ANSA file

Once a Batch Mesh scenario has been setup, it can be
re-applied on any new geometry with minimum effort.

® Batch Mesh Manager k )

[ New v][ Read Scenario ”[ Autoload ]

Update status [after run ] ]

;Name Contents  Color Mesh Parameters Quality Criteria Status
= «| Meshing_Scenario_1 20 Completed
- [] slats 6 [ ] CFDparameters0.... Aerospace Relaxed + Completed
- [+ flaps 4 [] CFD parameters 0.... Aerospace Relaxed Completed
- [| flap_cave 1 [l CFD parameters 0.... Aerospace Relaxed + Completed
-] chine 1 [ CFD parameters 0.... Aerospace Relaxed -+ Completed
- [+| engine 2 [0 CFD parameters 0.... Aerospace Relaxed + Completed
- [ upper_wing 1 [l CFD parameters 0.... Aerospace Relaxed Completed
| upper_wing_slat_cave 1 [ CFD parameters 0.... Aerospace Relaxed + Completed
| lower_wing 1 [ CFD parameters 0.... Aerospace Relaxed Completed
| Fuselage 1 [] cCFDparameters2-7 Aerospace Relaxed + Completed
| Farfield 1 [] CrFDparameters ... Aerospace Relaxed + Completed
¥ Symmetry 1 [l CFDparameters 1... Aerospace Relaxed + Completed
¥| Default_Session o Wl CFD parameters Aerospace Relaxed Empty
- ¥ Layers_Scenario_2 18 Empty
i W] Default_Session 12 W CFD parameters Aerospace Relaxed Empty
= ¥] Volume_Scenario_3 o Empty
.| Default Session o O CFD parameters Aerospace Relaxed Empty

www.beta-cae.com



Volume mesh generation speed over 250 million cells/hour

Peak memory consumption during mesh generation 300Mb/million cells

Automated mesh
refinement study
HLPW 4 model

Level A: 91 million
Level C: 276 million
Level E: 723 million

www.beta-cae.com



Setup of Batch Mesh tool

Different areas of the model automatically populate different Batch Mesh sessions (usually based on name filtering
conventions) so that they are meshed with specific mesh parameters.

BC areas coloring Batch Mesh Sessions coloring

Prsea—_——

| New || Read Scenario \[ [[Autoload || Run | Update status | after run

Name Contents  Color | Mesh Parameters | Quality Criteria Status
& ¥ Meshing_Scenario_1 20 Complet
ts

1 chine “wall
2 engine_nacelle wall
3 engine_pylon wall

CFD parameters 0....
4 farfield Farfield CFD paramaters 0...
s flap_inner wall
6 flap_inner_track fairing wall
7 fap_outer wall
8 flap_outer_track_fairings wall
¢ 9 fuselage wall
v [ 10 slat_inner wall
v [l 11 slat_inner_concave wall
% [ 12 slat_outer wall

13 slat_outer_concave wall

14 slat_supports_inner wall
¢ [l 15 slat_supports_outer wall
v [l 16 symmetry SymmetryPlane

upper_wing_siat_cave CFD parameters 0. Acrospace Relaxed

€4 lower_wing CFD parameters 0.... Aerospace Relaxed
CFD parameters 2-7 Aerospace Relaxed

H CFD parameters 1. Aerospace Relaxed

L}

a

EORECECOE

CFD parameters 1...  Aeraspace Relaxed
CFD parameters _Aerospace Relaxed

! Defaut
£ ¥ Volume_Scenario_
! Default_Session

CFD parameters  Aerospace Relaxed

CFD parameters  Aerospace Relaxed  Empty

v [ 17 wing_flap_retract_space
% [ 18 wing_tower
¢ [ 19 wing_upper
¢ Ml 20 wing_wuss

www.beta-cae.com



Setup of Batch Mesh tool

ANSA surface meshing uses powerful algorithms to automatically capture all the important geometrical features. The

following features are included:

Curvature refinement
Sharp edge feature refinement

Leading and trailing edges anisotropic meshing

Proximity refinement

Size Fields for additional size
constraint on the surface and
volume mesh

& Batch Mesh Manager

[ New v][ Read Scenario ]I[ Autoload ][ Run ]

Update status [after run

| Contents

Color

Mesh Parameters

Quality Criteria

Status

=L__| || Meshing_Scenario 1

]

Completed

- [+] slats

[ flaps

- [«¢| flap_cave

- [+] chine

- [+| engine

- [+¢| upper_wing

- [+| upper_wing_slat_cave

- [+] lower_wing

- [+| Fuselage

- [+¢| Farfield

- [+ Symmetry

- [«¢| Default_Session

E} |Z| Layers_Scenario_2

: ----- [+ Default_Session

B |Z| Volume_Scenario_3
----- |+| Default_Session

[
[ = B - = S R S R S R R S R S R S R S Y =]

O B e e

CFD parameters 0....
CFD parameters 0....
CFD parameters 0....
CFD parameters 0....
CFD parameters 0....
CFD parameters 0....
CFD parameters 0....
CFD parameters 0....

CFD parameters 2-7

CFD parameters 1...

CFD parameters 1...
CFD parameters

CFD parameters

CFD parameters

Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed
Aerospace Relaxed

Aerospace Relaxed

Aerospace Relaxed

W

LS

L8

Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Empty
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Definition of Size Field
Size Boxes and Size rules are defined in order to control the mesh size in the wake at high AoA
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urface mesh of CRM model
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Volume mesh of CRM model
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Boundary Layer coverage display

Case2a HLPW-4_CRMHL V2L Currert Part: tripcurves.igs
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Morphing to change the AoA of the model in a wind tunnel
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Morphing to change the AoA of the model in a wind tunnel




Morphing to change the AoA of the model in a wind tunnel
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Stay connected
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